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BACKGROUND
Due to mounting and conflicting human pressures, stakeholders in northern Thailand are
facing a crucial policy problem typical of many regions in Asia, namely how to plan for the
sustainable and rational use, protection, conservation and management of land and water
resources.
1. Project objectives and output
This project focuses on assessment of upland agricultural systems.  It uses an international,
inter-disciplinary team approach to develop cisi n support tools that will assist the Royal
Project Foundation, government and other stakeholders to identify and assess the implications
of a series of ‘what if’ scenarios.
The framework aims to be sufficiently generic and portable to be applicable in other
agricultural, agro-forestry and aquaculture resource management environments.
2. The Research Partnership
The IWRAM project is a collaboration between a number of Thai and Australian agencies:
Royal Project Foundation of Thailand; Australian Centre for International Agricultural
Research; Department of Land Development; Office of Highland Development, Australian
National University; Royal Forestry Department; University departments from Chiang Mai,
Maejo and Kasetsart.
The first phase of the project focuses on the Mae Chaem river basin, a 4,000 km2 ubsidiary of
the Ping River in northern Thailand.  It commenced in late 1997 and will be completed in late
2000.
THE RESEARCH PARADIGM
Multi-disciplinary analysis - the disciplines used in this integrated analysis include
economics; hydrology; anthropology; social psychology and crop scie ce.
Modelling - Scenarios are ‘what if’ tools developed to explore likely trends in resource use.
Scenarios may be developed around agricultural or conservation policies, demographic
change, potential climate variability, or changes on the world market for exported goods.
Input from a range of stakeholders are being obtained to define scenarios that reflect current
decision making processes. The decision support tools are being designed to portray effects of
the various scenarios on multiple indicators and the trade-offs between them.
The way in which scenarios apply the decision support tools is through an integrated
modelling approach.  Hydrological modelling of sub-catchment processes is being combined
with models of household decision making. Households are being grouped into "Resource
Management Unit" (RMU) types based on similarities in biophysical, economic and socio-
cultural attributes. The RMU situates the socially and economically constituted agricultural
household in its biophysical environment. One of the aims is to examine the way in which
different RMU types respond to scenario conditions and the implications of upstream decision
making on other households in the catchment. A Decision Support System will integrate the
models and link them to a geographical information system (GIS).
Case Studies
Five sub-catchments with varying patterns of resource management and use are being used as
case study areas for developing and trailing the decision support tools. The case-studies,
selected by and involving local resource managers, reflect different biophysical, cultural and
policy drivers of change.  They will develop and assess alternative scenarios for addressing
the issues present in these sub-catchments. Case study issues include upstream/downstream
water conflict; access to forest resources; agricultural intensification and extension and soil
degradation.
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The Biophysical Toolbox: a Biophysical Modelling Tool
Developed Within the IWRAM-DSS Introduction
Abstract. With rapid intensification of agricultural catchments in northern Thailand a
suite of environmental issues have surfaced.  The Integrated Water Resources Assessment and
Management (IWRAM) project was instigated in response to these issues.  The project
developed a Decision Support System for the exploration of biophysical and socio-economic
impacts of water resources use option.  The IWRAM-DSS is comprised of a ‘Biophysical
Toolbox’ that can be implemented alone or an ‘Integrated Toolbox’ that links socioeconomic
models with the biophysical toolbox to explore economic trade-offs and impacts of various
scenarios. The Biophysical Toolbox is comprised of three modules – the CATCHCROP crop
model, a hydrologic module based upon the IHACRES rainfall-runoff model, and a Universal
Soil Loss Equation (USLE) approach modified to suit conditions in northern Thailand. This
working paper describes and implements the Fortran 77 version of the Biophysical Toolkit
developed jointly by Dr. Barry Croke and Wendy Merritt.  A Java version of the model has
been coded by Dr. Claude Dietrich and Nick Ardlie, however this version has not been linked
with the economic model as part of the fully integrated IWRAM-DSS.
1. The IWRAM project
The Integrated Water Resources Assessment and Management (IWRAM)
project, within the first project phase (1997-2001), has developed an
integrative methodology to allow stakeholders to explore the ec nomic,
environmental and socio-cultural implications of different levels and patterns of
cultivation and other water use in a representative catchment.
Through a consultative process, the project established that one of the main
challenges for resource managers is to balance the various socioeconomic and
environmental trade-offs that are associated with resource management
decisions. The IWRAM framework was thus developed to provide them with
tools that they could use to explore alternatives in this complex assessment
process.
The IWRAM package includes a number of models and a computer-based
Decision Support System. The methodology comprises a toolkit that integrates
various disciplinary contributions including agronomy, climatology,
economics, hydrology and soil science. The toolkit has been imbedded within
a decision support system to allow users to create scenarios and run these
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scenarios through the toolkit’s models. A range of biophysical and
socioeconomic indicators are produced as outputs.  The decision support
system is designed to assist stakeholders to identify and assess socio-economic
and environmental impacts of scenarios.  The DSS is comprised of a
‘Biophysical Toolbox’ that can be implemented as a stand-alone tool or an
‘Integrated Toolbox’ that links a socioeconomic model with the biophysical
toolbox to explore economic trade-offs and impacts of various scenarios
(Figure 1).
Figure 1. The IWRAM DSS (from Jakeman and Letcher, 2001)
The focus for the project has been on placed on subcatchments of the
approximately 4,000 km2 Mae Chaem catchment (Figure 2). In the Mae
Chaem catchment, a microcosm of much of rural South East Asia, rapid
agricultural intensification, rural development initiatives, and government
conservation policies have created points of tension in relation to land and
water resource management.  These demands:
· are multi-sectoral;
· have both on-site and off-site effects; and
· involve multiple choices over uses of scarce resources, particularly
water.
The IWRAM methodology is designed to allow stakeholders to explore the
dynamics of these multi-objective environments.
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The methodology has to be able to incorporate information of different kinds –
spatial, time-series, financial, political and cultural. To focus this diverse
information, the unifying factor is the scenario.  A  ‘data  ®  scenario  ®
modelling  ®  indicators’   framework was adopted.
Figure 2. Location of the Mae Chaem catchment
The IWRAM project recruited personnel with a number of discipline
backgrounds to staff the four research components.  There were ‘mirror’ teams
in Thailand and Australia who collaborated on these components.  Over the
four years of the project there was considerable turn-over of staff.  This
occurred in Thailand as well as Australia.  Some staff wer  appointed for quite
specific and limited tasks, while others gave occasional, ‘in-kind’ input.  As
with any large-scale research activity, not all the ‘experiments’ attempted in
the project succeeded and some contributors’ inputs did not produce results
that have been retained in the final products.  Others, such as consultants and
commentators, helped steer the research program without making direct
research inputs of their own.
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The following people have made significant contributions:
Bio-physical
component
Barry Croke, Tony Jakeman, Wendy Merritt, Pascal
Perez, Somporn Sangawongse, Sergei Schreider,
Kamron Saifuk, Bandith Tansiri
Economic componentPenporn Janekarnkij, Padma Lal, Rebecca Letcher,
Suwanna Praneetvatakul, Varaporn Punyawadee,
Michelle Scoccimarro
Socio-cultural
component
Nootsuporn Krisdatarn, Helen Ross, Andrew Walker
Decision support
system component
Nick Ardlie, Claude Dietrich, Karn Trisophon
Initially, significant stakeholders for the DSS were the Royal Project
Foundation and the Land Development Department.  The Land Development
Department aims to utilise the DSS to assist its landuse planning activities.
Other agencies and groups have now become actively involved. Adopti n is
being facilitated by training workshops on the individual model components
and the DSS itself.
The IWRAM project is a collaboration between a number of Thai and
Australian agencies:
· Royal Project Foundation of Thailand (RPF),
· The Australian Centre for International Agricultural Research
(ACIAR),
· The Australian National University (ANU),
· Land Development Department (DLD) in Thailand,
· The Royal Forestry Department (RFD) in Thailand,
· The Royal Irrigation Department (RID) in Thailand,
· The Office of the National Water Resources Committee in Thailand,
· The Asian Institute of Technology,
· The Agriculture Department in Thailand,
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· University Departments from Chiang Mai, Maejo and Kasetstart.
2. The Biophysical Toolbox
The Biophysical Toolbox consists of three main modules: a rainfall-runoff
model (IHACRES), a crop model (CATCHCROP), and an erosion model
(USLE) modified to suit conditions in northern Thailand.  In the Biophysical
Toolbox, land use decisions are created by the user for the study catchment.
This is distinct from the Integrated Toolbox where land use decisions are
influenced by outputs of a model of household decision making (See
Integrated Toolbox description – Letcher et al., 2001).
2.1 Department of Land Development (DLD) Land Unit Methodology
The Land Development Department (Land Use Planning Division) in Thailand
have adapted the land evaluation methodology proposed by the Food and
Agriculture Organisation of the United Nations, (FAO, 1976; FAO, 1983) for
their land use planning projects.  The approach still retains the structure of the
1976 FAO ‘Framework for Land Evaluation’ however has been modified for
use in Thailand to include incorporate previous policies relating to forestry
(particularly those pertaining to watershed classes).
FAO Framework
The FAO (1976) ‘Framework for Land Evaluation’ sets out basic concepts,
principles and procedures for land evaluation and is primarily designed to
provide tools to support rural land use planning.  This evaluation framework
defines six principles on which land evaluation should be based (FAO 1976;
FAO 1983);
· Land suitability is assessed and classified with respect to specific kinds
of land use (e.g. rainfed agriculture or a more specific land use);
· Land suitability is defined by economic criteria and requires a
comparison of the outputs obtained and the inputs needed on different
types of land use;
· A multi-disciplinary approach is required;
· Physical, economic, social and political contexts need to be considered;
· Suitability refers to land use on a sustained basis; and
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· Evaluation involves the comparison of two or more land use types.
The framework sets out the general procedure by which the suitability of a
land to land uses can be classified (Figure 3).  Suitability classes involve the
consideration of land (including soil, vegetation, hydrology, land f rm and
climate), major land use, land characteristics, land quality (ratings from very
good [1] to very poor [4]), diagnostic factors such as those in Table 2.4, land
use requirement and land improvement.  Land quality ratings, which include
the consideration of issues such as erosion hazard or climate regimes, are
compared with the requirements of a given land use to give suitability class
limits of; S1, highly suitable; S2, moderately suitable; S3, marginally suitable,
and N, not suitable.  The procedure for obtaining the suitability classes can be
summarised as (van Diepen, 1991);
· Selecting relevant land uses and their requirements
· Description of land units and assessment of land qualities
· Comparison of land use requirements with land qualities for each land
use on each mapped land unit
· Provisional suitability classification;
· Economic and social analysis;
· Final suitability classification.
Within the DLD adaptation of the FAO framework, the first four steps of the
procedure are definitely undertaken, however whether economic and detailed
social analysis is being undertaken is uncertain.
The DLD approach: defining land units
The Department of Land Development in Thailand has developed a land unit
approach that defines the given yield of a crop for a particular land unit (or
land suitability class) based on the FAO land evaluation procedures (FAO
1976).  Liengsakul et al. (1993) applied the FAO framework to one of the
districts of the Chiang Mai province in northern Thailand, as part of a study
for locating new sites for permanent cropland in the highlands of northern
Thailand.  Kuneepong (1990) summarised six land evaluation systems
including the DLD approach based upon the FAO ‘Framework for Land
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Evaluation’ for application to the Upper Pasak Watershed, Phetchaban,
Thailand.
Matching
Overall suitability class
rating for the given land
use on each land unit.
Land Units (LU)
Description of LU in
terms of Land
Characteristics (LC)
Descriptions of  LU in
terms of rated Land
Qualities (LQ)
A given land use or land
utilisation Type (LUT)
Description of LUT in
terms of Land Use
Requirements (LUR)
Specification of
suitability class in terms
of minimum required LQ
rating
Conversion Table
(LCàLQ
Rating table
Figure 3. Schematic representation of the determination of the suitability of land units
for a given use on the basis of land qualities (van Diepen et al. 1991).
The approach adopted by DLD within the IWRAM project is illustrated in
Figure 4.  The procedure requires the use of various maps in addition to aerial
photos.  Details of the required material are provided in Table 1.
Land Improvement Map
Irrigation Map
Contour lines
Land Use Map
Aerial Photo Mapping
Topographic Map
Field Soil Survey Aerial Photo
Slope Classes
DEM
Socio-economic, political and
biophysical constraints are all
considered within these maps
Only biophysical components
are considered for generation
of these maps.
Geological Map
Soil Parent Materials
Mapping Units
Soil Units Mapping
Land Units
Figure 4.  Procedure for the generation of ‘land units’ employed by the Department of
Land Development in Thailand.
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Defining land units is not a purely biophysical procedure.  The Land Use,
Irrigation, Land Improvement and Forest Policy maps are constrained by
socio-economic and political contexts in addition to the biophysical
characteristics of the land. This appears to be the major modification of the
FAO framework whereby previous policies are incorporated into the land
evaluation.
The land units derived using the procedures shown in Figure 4 are used to
develop land suitability classifications for a particular use according to the
FAO framework (Figure 3).  These land units are described in terms of land
qualities and are matched with land use requirements in terms of the minimum
land quality rating to determine the suitability of a particular land unit for a
particular land use.  The land use requirements for a certain land use include
the consideration of crop requirements (eg. moisture availability),
management requirements (eg. soil workability) and conservation
requirements (See Table 2).
Table 1. Mapping requirements for land use planning in the highlands of northern
Thailand (LDD, pers. comm.)
Material Description
Topographic Map
(1:50000)
Geological Map
(1:250000)
Soil Unit Mapping
(1:10000)
Generated from topographic and geological map with the
exception of Wat Chan where a detailed soil map exists.
Aerial Photo (1:15000)Used (along with ground surveys) as a ‘ground check’ of
the generated soil map.
Land Use Map
(1:10000)
Classifies land use according to paddy field, terracing
paddy field, annual crop, perennial crop, shifting land,
forest, and plantation forest (LANDSAT imagery 1995-
96).
Irrigation Map Indicates areas of rainfed and irrigated agriculture within
the site (Obtained from DLD Division 6).
Land Improvement MapLand improvements include terracing and hillslope ditches
(Management improvements in the land unit methodology
include these two in addition to irrigation).
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Table 2. Land use requirements adopted within the DLD Land Use Planning Division
(Tansiri and Saifuk, 1999).
Requirement
Type
Land Quality Diagnostic Factor
A. Crop Radiation
regime
Radiation
Temperature
regime
Mean temperature in growing period
Moisture
availability
Requirements in growing period (mm),
inundation (month)
Oxygen
availability
Soil drainage (class)
Nutrient
availability
Nutrient availability (N, P, K, OM), nutrient
status (class), reaction
Nutrient
retention
CEC, Base Saturation
Rooting
conditions
Effective soil depth (cm), watertable depth (cm),
root penetration (class)
Flood hazard Frequency (yrs/time)
Excess of saltsEC of saturation (mmho/cm)
Soil toxicities Jarosite depth
B. ManagementSoil
workability
Workability (class)
Potential for
mechanisation
Slope (class), rock outcrop (class), and stoniness
(class)
C. ConservationErosion hazardSlope (class), soil loss (ton/rai/year)
The land units provided by the Department of Land Development are used as a
surrogate for soil types and topographic complexes and form the fundamental
modelling unit for the crop and erosion models
2.2 Nodal Structure
Consistent with the whole IWRAM-DSS the Biophysical Toolbox uses a
nodal system.  Total water supply is simulated at this point or node. This can
then be related to aggregated and modelled household extractions within the
Integrated Toolbox (Letcher et al. 2002).  The nodal structure is illustrated
within Figure 5 for the43.5 km2 Mae Uam subcatchment showing (as red
dots) two nodes – an upstream and downstream node at which spatial and
temporal estimates of discharge are provided.  Figure 5 additionally illustrates
the land units within catchment (See Section 2.1).  Issues of crop water use
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exist with low slope land units suitable for paddy agriculture, whilst in steep
lands susceptibility to erosion is an additional issue of concern.  The nodal
structure implemented within the IWRAM allows these considerations to
described for both nodes and hence identifying potential differences in impacts
between upstream and downstream areas.
Figure 5. The Mae Uam catchment showing the nodal structure implemented within the
IWRAM-DSS and the Biophysical Toolbox.
2.3 Components of the Biophysical Toolbox
2.3.1.  Crop Model: CATCHCROP  (Perez et al. [2002])
Crop yields within the Biophysical Toolbox are calculated using the
CATCHCROP model: a one-dimensional, crop generic, conceptual model
developed by Perez et al. (in press) [Figure 6].
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Figure 2.6. Flow chart for the calculation of crop yields using the CATCHCROP model
(from Perez et al. 2002).
Runoff is calculated according to a modified SCS (1973) equation:
( )( )
( )CCCSISrr
CCCSISrr
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=          
            (1)
where rri  is the pseudo-daily average rainfall calculated as the amount of
rainfall in the 10 day period (RRi)  divided by the number of days in the 10
day period with rain exceeding 5 mm (NRDi), IS is the daily infiltration rate
for a given type of soil (IS) and CC is a correction factor due to crop
management.  As many catchments in Northern Thailand have cropping
activities on steep slopes, Perez et al. (2002) added a slope correction factor
(CS) that reflects the reduction in surface detention with increasing steepness.
As this equation needs a daily calculation, runoff is estimated on a pseudo-
daily time step calculated according to the actual number of rainy days (NRDi)
that exceed a threshold (5.0 mm) during a 10-day period (Equation 2). When
rri exceeds the product of IS, CS and CC daily runoff is calculated according
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to equation 1.  Otherwise no runoff occurs. If plots are bunded, IS is set to 20
to account for increased infiltration
ROi = NDRi.roi 
 (2)
The next step of the model is then the application of a correction to account
for evaporation from the soil surface – a dominant source of losses during the
initial growth stage of the crop or bare fallow periods.  A virtual surface
reservoir is characterised by the total amount of water available for
evaporation (TEW) and the amount of water readily available for evaporation
(REW). Soil evaporation is estimated on a pseudo-daily time step calculated
according to the actual number of rainy days during a 10-days period (NRDi)
and the potential evapotranspiration (ET0i):
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where TDi is the average duration of dry spells during the 10-day period, and
TLi is the number of days for emptying REW during the 10-day period.  If TLi
is less than or equal TDi, then the soil evaporation correction (KEi) is
calculated as:
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where the exponent x is given
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Soil water storage is represented according to Baron et al.(1995) and Allen t
al. (1998) where the storage consists of the soil reservoir in parallel with the
root reservoir.  The former defines the amount of Soil Available Water
(SAWi) whilst the root reservoir defines the amount of Crop Available Water
(CAWi).  After CAWi is updated water (Equation 7) the balance of the two
reservoirs and deep drainage are written as
CAW = (TAW ´ Rdi) / 1000 (7)
DDi = max[0 ; (SRi + RRi + IRi – ROi - SAW)] (8)
SRi = min[SAW ; (SRi-1 + RRi + IRi – ROi)] (9)
 CRi = min [CAWi ; (CRi-1 + RRi + IRi – ROi)] (10)
whereSRi is the actual soil water storage spell during the 10-day period, and
CRi is the actual root zone storage spell during the 10-day period.  Rainfall
(RRi) and irrigation (IRi) are considered as inputs whilst vertical drainage
(DDi) and runoff (ROi) are considered as outputs from the system.
CATCHCROP then calculates evapotranspiration components on for the 10
day time period. Each crop that can be modelled is characterised by a set of
parameters defining crop growth and evapotranspiration (Doorenboos and
Pruitt 1977; Allen et al. 1998).  These are:
· The duration of the initial, development, middle, and end stages of
crop growth (Lini, Ldev, Lmid, Lend respectively).
· The initial, middle and final crop coefficients (KCini, KCmid, Kcend).
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· The initial and final root depths (RDini, RDend).
Intermediate values of the coefficients (KCi) are estimated by time-dependent
linear regressions (Perez t al. 2002). During the initial stage of the crop (Lini)
KCi = max(KCi, KEi) (11)
Maximum evapotranspiration (ETMi) is then calculated as
ETMi = KCi.ET0i (12)
with KCi being the crop coefficient during the 10-day period.  However, the
crop coefficients used to calculate ETMi do not consider soil fertility effects.
The maximum evapotranspiration under fertility constraints – or the sub-
optimal ET (ETCi) – is obtained by correcting ETMi according to the
estimated level of fertility of the plot (LF) using equation 13:
ETCi = KFi.ETMi (13)
where KFi is the crop coefficient (KCi) scaled according to the level of
fertilisation (low fertilisation - KCi ´ 0.5, medium fertilisation - KCi ´ 0.75,
full fertilisation - KCi ´  1.0).
When the amount of soil water drops below a certain fraction crops an
become water stressed. The effects of this stress is described within
CATCHCROP described by multiplying ETCi by the water stress coefficient
(KSi) (Equation 15). KSi is calculated according to Equation 16 and depends
on P – a crop specific parameter, P, hat defines the fraction of soil water that a
crop can extract without suffering moisture stress. P is a function of the
evaporation power of the atmosphere (Equation 14)
ETAi = KSi.ETCi (14)
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The water storages in the soil (SRi) and root (CRi) reservoirs are updated to
account for evapotranspiration from the stores.
The quantity of water needed by the crop to transpire at its maximum rate –
water demand (DEMi) – is defined as the difference between ETCi a d ETAi.
The crop demand is used to determine the required irrigation for the next time
step. DEMi is taken as
DEMi = Max(0 ; ((1-P)*CAWi) - CRi) (17)
Crop yield (YA) is estimated with a linear relation that links the actual yield to
the evapotranspiration deficit, expressed as the ratio between the cumulative
values of ETAi and ETMi during the growing period (D orenboos and Kassam
1979).
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where YM is the potential yield of the crop, KY is the water stress coefficient
that reduces the potential yield, SUMETA is the cumulative value of ETAi
during the growing period, and SUMETM is the cumulative value of ETMi
during the growing period.
2.3.2 Hydrological Model (Merritt et al. 2001)
The hydrological model within the Biophysical Toolbox is based upon the
IHACRES rainfall-runoff model (Jakeman and Hor berger 1993).  To predict
hydrological responses to land cover changes and discharge in ungauged
catchments a regionalisation procedure is included.
The IHACRES rainfall-runoff model is a hybrid conceptual model consisting
of a non-linear loss module that converts rainfall to effective rainfall (the share
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of rainfall that reaches the stream outlet) and a linear routing model that
converts effective rainfall to streamflow.  The linear routing model applied
within the IHACRES version coded in the Biophysical Toolbox consists of
two stores in parallel; representing quick flow and slow flow (Figure 7 and
Table 3).  This representation of streamflow has been shown to be effective in
reproducing stream flow.  The IHACRES model requires time series
(generally daily) of rainfall and temperature data.
When predictions of streamflow are required in ungauged catchments a
regionalisation procedure can be employed that utilises information from a
gauged catchment, based upon the area of the gauged or ungauged catchments
and the forested area.  The procedure can be used to predict streamflow for a
gauged catchment under forest cover scenarios (Figure 8).  The IHACRES
model is used to calibrate streamflow for the reference (or gauged catchment).
The volumetric storage coefficient, c, obtained from the calibration is then
scaled to obtain c for the ungauged catchment.  Likewise, the distribution of
streamflow between the quick and slow flow components is recalculated.
Output from the CATCHCROP model (Perez et al. 2002]) is used as input to
the hydrological model.
Figure 7. IHACRES rainfall-runoff model
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Scale cg, Vs and Vq parameters
calibrated from the IHACRES model
to obtain parameters cu,vs, and vq for
IHACRES simulation
vs = Vs(Pu/ Pg)
vq = Vq(ROu/ROg)
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Pu, ROu: estimates for forest cover scenario
Pg, ROg: estimates for existing land cover
Simulation of streamflow using modified c, vs and
vq parameters and climate files.
Climate file for
catchment
(climate.dat)
Streamflow under land
cover scenario
Reads in calibrated
IHACRES parameters
and catchment area
(sim.sim)
Reads in reference and scenario land unit areas
and forested area of land units (l _ref.dat,
lu_sim.dat)
Calls the CATCHCROP crop model
Calculate catchment estimate of P and RO
based upon estimates for individual land units
weighted according to the area and forested
area of each land unit
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CATCHCROP
Generate estimates of
percolation (P) and
surface runoff (RO) for
each land unit within the
catchment under forested
and fallow conditions.
Figure 8. Prediction of streamflow under a n w forest cover scenario.
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Table 3. Symbols used in Figure 4
Model inputs, states and outputs
r(k) is rainfall
t(k) is temperature
s(k) is soil moisture index
u(k) is effective rainfall
y(k) is streamflow
Model parameters
c is the fraction of rainfall that adds to soil moisture
tw is the drying rate
f is the temperature modulation of drying rate
aq is the quick flow recession rate
as  is the slow flow recession rate
bq, bs are fractions of u(k) for peak response
q
q
qv a
b
+
=
1
 is the relative volume of quick flow response
s
s
sv a
b
+
=
1
 is the relative volume of slow flow response
The CATCHCROP model is run for a calibration period for two representative
crops (corresponding to forested and cleared areas) on all land units in both
the reference (gauged) and model (ungauged) catchments to get surface runoff
(RO) and percolation (DD).
Once estimates of RO and DD have been generated for each land unit type
within the reference and modelled catchments the lumped catchment estimates
based on forested area for each land unit (in mm) are calculated according to:
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 (19)
where X is RO or DD, Xlu
f, m is the runoff or percolation for forest on land unit
lu, alu
f, m is the forested area of land unit lu in catchment m, alu
m is the area of
land unit lu in catchment m,Xlu
c, m is the runoff or percolation for non-forested
land cover on land unit l .
The volumetric storage coefficient, c, for the reference catchment is scaled
according to the ratio of the areas of the simulation catchment (au) to reference
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catchment (ag) and the surface runoff and percolation (RO+DD) for the
reference and simulation catchments;
gg
uu
gugu
DDRO
DDRO
aacc
+
+
= )/(
(20)
When predicting streamflow for a gauged catchment under a new forest cover
scenario au and ag are identical. The assumption in equation (20) is that the
total discharge is equal to the surface runoff plus percolation, that is,
subsurface flow out of the catchment is negligible.
The volumes of streamflow distributed between the quick and slow flow
components are obtained by scaling the components calibrated for the gauged
catchment according to the percolation and surface runoff.  The slow flow
component, vs is assumed to be dominated by percolation,
vs = Vs(DDu/ DDg)
(21)
whilst vq is assumed to be controlled by surface runoff
vq = Vq(ROu/ROg)
(22)
The flow components are then normalised to ensure that vs plus vq is equal to
1.
Streamflow is then simulated using the calculated c parameter and quick and
slow flow components.  All other parameters calibrated for the reference
catchment are assumed to be the same for the ungauged catchment.
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2.3.3 Erosion Model
Gross erosion estimates for each land unit type within a catchment are
calculated using a Universal Soil Loss Equation (USLE) modified to suit
conditions in northern Thailand.  Annual soil loss, A, is calculated as
A(in tons/ha/year) = R´ K´LS´ C´P
(23)
where R is rainfall erosivity, K is rainfall erodibility, LS is the topographic
factor, C is the cropping factor and P a management practice factor.  Rainfall
erosivity is calculated according by the equation developed by El-Swaify et al.
(1987) as
R(in tons/ha/year) = 38.5 + 0.35(P)
(24)
where P is annual precipitation.  Soil erodibility factors (K) were provided by
the Department of Land Development for each land unit (Appendix B) as were
crop factors (Appendix C) and management factors (Table 7).  On bunded
plots cropping factors are set to 0.001 for all crops.  Likewise, on bunded plots
management factors are set to 0.1.
The topographic factor (LS) is calculated using the Wischmeier and Smith
(1978) equation for slopes less than or equal to 8%,
LS = ((length(m)0.5/22.13)(0.065 + 0.0456(slope)) + 0.0065(slope)2    
(25)
and the Hellden (1987) equation for slopes greater than 8%.
LS = (0.799 + 0.0101(length(m) )(0.344 + 0.798(slope))     
(26)
This has been used in a number of erosion studies in northern Thailand (eg.
Funpheng et al. 1991, NRC 1997).  The LS factor is calculated outside of the
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IWRAM-DSS and estimates of the average LS factor for each land unit within
the catchment are inputs to the BP Toolbox.  The average LS factor for a land
unit needs to be calculated for each catchment (Table 6).
Table 4 illustrates the behaviour of the components of the erosion model
within the DSS when a scenario is simulated.  Within the BP toolbox the user
defines
· land use for each land unit, which updates the C factor,
· the climate scenario, which updates the R factor, and
· management practices within the node or catchment area (Pfactor).
If the user defines plots within a land unit as being bund d the management
factor is reset to 0.01 and the crop factor is reset to 0.001 (according to
Kamron Saifuk during visit to ANU, July 2001).
Table 4.  The erosion model in action: changes with scenarios.
K factor Topography
(LS)
Climatic (R) Land
Cover (C)
Management
(P)
Changes
for each
scenario
No No Yes Yes Yes
Changes
for land
unit
Yes 2
Yes (differs
between
catchments)
No No No
How to
calculate
From
land unit
map2
Average LS
factor per
land unit.
Input
rainfall (P)
R=38.5+0.3
5(P)
From
literature.1
From
literature 3
1 Provided by DLD in November 1999
2 Provided by DLD in May 2000
3 Provided by DLD in November 1999
2.3.4 The biophysical toolbox in operation – Fortran 77 version
Figure 9 illustrates the directory structure in which the Biophysical Toolbox
sits.  Within the ‘bptools’ directory, the executables for the fort an codes are
contained within the ‘progs’ directory.  Each node within the catchment has
it’s own directory in which the Biophysical Toolbox is run.  The ‘data’
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subdirectory contains all files that are not changed when implementing a new
scenario.  The ‘scenario’ subdirectory contains input files for a new scenario.
Figure 9.  Directory Structure of the Biophysical Toolbox.
Data files
A number of data files are required that are contained within the ‘data’
directory:
· soil.dat – contains all soil parameters required to run the crop model and K
factor for USLE.  This file will only need to be changed when the user
wants to include land units other than those in the table below.
Table 5. Example soil.dat file for node 1 of the Mae Uam catchment: Soil specific
parameters used in CATCHCROP (source: Kuneepong et al., 1990 ; Allen et al., 1998;
Perez et al., 2002) Soil Erodibility (K) factors (provided by DLD in May 2000).
Land UnitTAW TEW REW IS SD CS K LS Slope
88 150 30 10 5 1500 1 0.02 16.2 8.4
99 150 30 10 5 1500 1 0.02 14.4 7.5
45 170 35 11 10 1500 1 0.03 13.3 28.5
47 170 35 11 10 1000 0.7 0.03 16.5 27.3
49 170 35 11 10 1000 0.5 0.03 16.5 40.1
Land unit area – total area of each land unit (in hectares)
Forest – percent of each land unit under forest cover
TAW = total H20 for crop ET in soil reservoir
TEW = readily available H20 for soil reservoir
REW = readily available water for soil evaporation
IS = daily infiltration into (flat, bare) soil
SD = maximum soil depth above limiting layer
CS = influence of slope on IS
K factor = soil erodibility factor for USLE
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· crop.dat – file contains all crop parameters required to run the crop model
and C factor for USLE.  This file will only need to be changed when the
user wants to include crops other than those in the table below.  The
hydrology model currently uses crop 11 (tropical fruit trees) as a substitute
for forest and crop 12 (fallow) for non-forested crops.
· climate.dat – a contains daily rainfall, potential evapotranspiration and
temperature series for the study catchment.  The file is in the following
format:
Day Month Year Rainfall Potential evapotranspirationTemperature
1 1 1985 0 3.3 26
2 1 1985 12.1 4.5 23
3 1 1985 5.6 5.0 27
. . . . . .
31 12 1994 0 3.0 25
· mgtpractice.dat –  (management practice factors for erosion model)
Table 7. Management Practices (P) Factors (from DLD, November 2000)
lower slope % boundupper slope % boundNone CC ST AL BT
0 2 1.0 0.6 0.3 0.4 0.12
2 7 1.0 0.5 0.25 0.5 0.1
7 12 1.0 0.6 0.3 0.6 0.12
12 18 1.0 0.8 0.4 0.8 0.16
18 24 1.0 0.9 0.45 0.9 0.18
24 100 1.0 1 0.5 1 0.19
· sim.sim –  (contains the a1, a2, b0, b1, a, tw and Tmax parameters
calibrated from IHACRES and the area of the catchment in km2.
Example:
-1.6524219300 a1
 0.6563231200 a2
 0.0995118852 b0
-0.0956106952 b1
0.002520 c
64 3.8 45.368 tw   Tmax    area (km2)
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Table 6. crop.dat  - Crop specific parameters used in CATCHCROP (source: Kuneepong et al., 1990; Allen et al., 1998)
and C factors for USLE model (from DLD, November 1999).
ID Lini Ldev Lmid Lend KCini KCmid KCend RDini RDend P CC KY KM C
Paddy rice 1 20 30 60 30 1.05 1.2 0.9 200 500 0.2 2 1.2 5
Upland rice 2 20 30 40 20 0.3 1.1 0.55 200 600 0.55 2 0.9 4
Soybean 3 20 30 50 20 0.4 1.15 0.5 200 1200 0.5 2.5 0.85 3
Groundnut (peanut)4 25 35 40 20 0.4 1.15 0.6 200 1000 0.5 2.5 0.7 3
Maize (grain) 5 20 30 40 20 0.3 1.2 0.5 200 1200 0.55 2 1.2 5
Maize (forage) 6 20 20 30 10 0.3 1.15 1.05 200 1000 0.5 2 1 15
Cabbage 7 30 55 45 10 0.7 1.05 0.95 200 700 0.45 1.5 0.95 25
Potato 8 25 30 45 30 0.5 1.15 0.75 200 800 0.35 1.5 1.1 25
Onion 9 15 25 60 40 0.7 1.05 0.75 200 600 0.3 1.5 1.1 30
Temperate fruit trees10 20 70 120 60 0.8 1.2 0.85 1800 2000 0.5 3 0.9 0
Tropical fruit trees 11 60 90 120 95 0.95 0.9 0.95 1800 2000 0.5 3 0.8 0
Fallow 12 20 120 120 125 1.0 1.0 1.0 200 200 0.7 1.5 0.0 0
Forest 13 60 90 120 95 0.95 0.9 0.95 1800 2000 0.5 3 0.8 0
Lini = initial stage duration (cover<50%) Ldev = development duration (50%<cover<90%)
Lmid = full cover stage duration (cover>90%) Lend = crop ripening stage duration
Rdini = root depth following planting Rdend = root depth at full cover stage
YM = FAO influence of water stress on YA KY = maximum yield without limiting factor
Kcini = crop coefficient at initial stage Kcmid = KC during development
Kcend = KC during ripening stage P = stress factor (from FAO's methodology)
CC = influence of crop management on infiltrationC factor = cropping factor for the Universal Soil Loss Equation
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Scenario specific information
When constructing a scenario for the Biophysical Toolbox, several data files
are required within the ‘scenario’ folder.  For each node the user needs to
select:
· lu_ref.dat – a contains the total area of each land unit within the catchment
(column 3) and the forested area with each land unit (column 2) in km2.
This file is for the reference land cover existing for the period when the
IHACRES model was calibrated.
23   1.763072   2.401921
25   3.010626   3.38943
45   1.897806   2.259046
47   13.24611   13.83107
49   19.72178   20.22887
88   0.929858   2.471776
99   0.424519   0.785879
· lu_sim.dat – contains the total land unit area of each land unit within the
catchment (column 3) and the forested area with each land unit (column 2)
in km2.  This file is for the new scenario land cover.
23   0.763072   2.401921
25   1.500626   3.38943
45   0.897806   2.259046
47   6.246111   13.83107
49   10.72178   20.22887
88   0.               2.471776
99   0.               0.785879
· hyd_bptinput.txt – contains the crops (forest, fallow) and land units for
which the CATCHCROP model has to be run so as to estimate percolation
and runoff.  This file will only need to be changed if additional land units
exist within a catchment. The first column is not used for the hydrology
model.  The second column refers to the crop (11 -  tropical fruit trees or
forest; 12 – fallow).  Column 3 is the level of fertilisation (1 – no
fertilisation), column 4 is the irrigation status (1 – no irrigation), column 5
is the land unit, column 6 is the season (3 – all year: 1st April to 31st
March), and the 7th column is the year over which percolation and runoff
for forested and non-forested conditions are estimated.
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1.00    11      1       1       23      3       1992
1.00    11      1       1       25      3       1992
1.00    11      1       1       45      3       1992
1.00    11      1       1       47      3       1992
1.00    11      1       1       49      3       1992
1.00    11      1       1       88      3       1992
1.00    11      1       1       99      3       1992
1.00    12      1       1       23      3       1992
1.00    12      1       1       25      3       1992
1.00    12      1       1       45      3       1992
1.00    12      1       1       47      3       1992
1.00    12      1       1       48      3       1992
1.00    12      1       1       88      3       1992
1.00    12      1       1       99      3       1992
· wet_bptinput.txt and dry_bptinput.txt – defines cropping activities for each
of the land units in each season.  Cropping activities include crop type, the
level of fertilisation, and whether the crop is irrigated or rainfed, and
whether the plots are bunded.  The structure of the files is as shown below
15.2    3      1       1    23       1       1990       0.0        0.0 0.0       2       4
15.2    3      1       1    25       1       1990       0.0        0.0 0.0       2       4
15.2    3      1       1    45       1       1990       0.0        0.0 0.0       2       4
15.2    3      1       1    47       1       1990       0.0        0.0 0.0       2       4
15.2    3      1       1    49       1       1990       0.0        0.0 0.0       2       4
15.2    3      1       1    88       1       1990       0.0        0.0 0.0       1       4
15.2    3      1       1    99       1       1990       0.0        0.0 0.0       1       4
In column order, the file includes scenario information on crop area (ha), crop
id, fertilisation level (1= low, 2 = medium, 3 = full), irrigation status (1 = not
irrigated, 2 = irrigated), land unit type, season (1 = wet season, 2 = dry season,
3 = hydrologic year), simulation year, three parameters not used within the
Biophysical Tool box, whether or not the crop is on bunded plots (1 = not
bunded, 2 = bunded), and management practice (3 = none, 4 = contour
cultivation, 5 = strip cropping around contour cultivation, 6 = arable land
terracing, 7 = bench terracing).
Once this information has been fed into the BP toolbox, a scenario can be
simulated.
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3. Scenario Runs
To illustrate the capacity of the DSS in assisting decision-making, climate and
forest change / increased cultivation area scenarios were performed for two
nodes in the Mae Uam subcatchment of the Mae Chaem (Figure 5).
Three climate scenarios were simulated corresponding to a normal hydrologic
year (1990/91 – 1240 mm of rainfall), a wet year (1988/89 – 1322 mm of
rainfall), and dry year (1993/94 – 1026 mm of rainfall).  With this, three forest
cover scenarios were considered; 1990 forest cover (Table 8), a 10% decrease
in forest cover from 1990 forest cover across all land units, and a 20%
decrease in forest cover from 1990 forest cover across all land units.  Cropping
details for each land unit in the wet season and dry season are provided in
Table 9.
Table 8. Land unit area (km2) and 1990 forested area (km2) for land units within Mae
Uam.
Land Unit Node 1
  Forest            Land unit
Node 2
  Forest           Land unit
23 0.00 0.00 1.76 2.40
25 0.00 0.00 3.01 3.39
45 1.70 2.01 0.20 0.24
47 12.30 12.78 0.94 1.05
49 15.95 16.22 3.78 4.01
88 0.54 1.01 0.39 1.46
99 0.37 0.66 0.06 0.13
Figure 10 illustrates the gross annual erosion load estimates for the
agricultural area of each land unit within the upstream node of Mae Uam
(node 1).  The graph illustrates the susceptibility of the upland land units (45,
47, 49) to elevated levels of erosion under agricultural activities.  In particular,
land unit 45 – where soybean were grown with no management practices in
place to mitigate soil erosion – are particularly prone to erosion.  Land unit 49,
whilst consisting of steeper slopes produces less erosion from agricultural
areas as crops were only grown in the wet season in a reasonably small area.
This land unit has been identified as particularly prone to erosion given very
steep slopes and is not recommended for any land use of land cover types
other than natural forest (personal communication, Kamron Saifuk, Land
Development Department, Thailand).  As expected, with wetter years total
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erosion yields increase, although the rates of erosion were generally similar.
The wet season of the ‘wet’ and ‘normal’ year are similar in terms of
precipitation and this is reflected by similar erosion load estimates.
Contributions from the dry season are low and the higher rainfall in the dry
season of the ‘wet’ year is not reflected in the total loads calculated.
Table 9.  Proportion of agricultural area cropped on land units
Paddy Fields (Land Unit
Numbers 88, 99)
Upland Fields (Land Unit Numbers
23, 25, 45, 47, 49)
Wet
season
100% paddy rice
Crops are fully irrigated on
bunded plots, with medium
fertilisation levels and no
extra management
23: 50% maize
25: 50% soybean
45: 50% soybean
47: 50% maize
49: 15% soybean
Non-irrigated crops; medium and low
fertilisation levels for maize and
soybean respectively; plots on land
units 23 and 25 are contour
cultivated; no management practices
are employed on land unit 45; arable
land terraces are used on land unit
47; land unit 49 has strip cropping
around contour plots
Dry
season
88: 25% soybean
99: 25% maize
Both crops are fully
irrigated on bunded plots,
with low fertilisation levels
for soybean and medium
fertilisation levels for maize
23: 10% maize
25: 10% soybean
45: 10% soybean
47: 10% maize
49: no cropping
Irrigated crops; medium and low
fertilisation levels for maize and
soybean respectively; plots on land
units 23 and 25 are contour
cultivated; arable land terraces are
used on land units 45 and 49
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Figure 10. Gross erosion loads from agricultural areas for each land unit in node 1 under
‘wet’ (black), ‘normal’ (red) and ‘dry’ scenarios (blue)
The similarity between wet season precipitation in the ‘wet’ and ‘normal’
years is further illustrated in Table 10.  Here the impact of climate scenarios
upon the mean erosion rates (tonnes/ha) and average crop yields (tonnes/ha)
under a given crop over all land units is shown.  In the wet season, both
estimates of erosion rates and crop yields are similar between the ‘wet’ and
‘normal’ years.  In contrast, the ‘dry’ year (1993) shows much lower rates of
erosion in the wet season under soybean, maize and fallow compared with the
other climate scenarios.  Similarly, crop yields decrease slightly in non-
irrigated crops grown on upland fields (maize and soybean) and irrigated
paddy fields in the wet season in the dry year.  In the dry season, the ‘normal’
scenario (using 1990 climate) has a more pronounced dry season than the
other scenarios and thus has reduced rates of soil erosion in the dry season.  As
crops are irrigated in the dry season, there is little difference in crop yield
estimates with 1993 having slightly increased yields.
Tables 11 and 12 show the change in erosion loads, streamflow, streamflow
after irrigation, and crop water demand for the forest cover scenarios from the
base scenario in the ‘normal’ climate scenario (1990) as the percentage of the
base scenario in the upstream and downstream nodes. With deforestation we
see increases in annual erosion loads of the order of 40% to 70% for 10%
deforestation and 55% to 82% for 20% deforestation for node 2 and node 1
respectively.  Little difference between the base scenario and deforestation
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scenarios in terms of both streamflow and streamflow minus irrigation
diversions was observed at either node.  This is despite significant increases in
water demand with replacement of forests by crops.
Table 10.  Impacts of climate scenarios upon mean erosion rates (tons/ha) and average
yields for crops (tons/ha).
'wet' 'normal' 'dry' 'wet' 'normal' 'dry'
Wet Season
rice paddy 0.01 0.01 0.01 7.20 7.10 6.80
soybean 62.70 62.70 48.40 4.00 3.90 3.80
maize grain 65.10 65.00 50.20 3.10 3.30 3.00
fallow 20.60 20.50 15.90 0.00 0.00 0.00
Dry Season
soybean 1.60 0.98 1.70 3.40 3.40 3.70
maize grain 3.30 2.00 3.50 5.50 5.50 6.00
fallow 2.80 1.60 2.90 0.00 0.00 0.00
Erosion (t/ha) Yield (t/ha)
Tables 13 and 14 summarise the impact of climate scenarios upon streamflow,
streamflow following extractions and crop water demand for both the wet and
dry seasons and annual loads.An increase in annual water demand from the
agricultural area of approximately 70 ML in seen when simulating under the
‘dry scenario’ (1993/94) compared with the ‘wet scenario’ (1988/89).  The
difference in annual rainfall between these two scenarios is 194 mm.
Table 11. Key biophysical scenarios under 10% and 20% deforestation scenarios as
percentage of base scenario for node 1 (upstream node).
Wet Season Dry Season Annual
10% deforestation
erosion 170.1 156.8 169.7
streamflow 102.3 94.5 100.8
leftover 102.0 93.0 100.2
water demand 158.4 145.9 154.6
20% deforestation
erosion 182.6 172.4 182.2
streamflow 104.6 87.5 101.6
leftover 104.0 84.0 100.5
water demand 173.8 162.9 170.7
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Table 12. Key biophysical scenarios under 10% and 20% deforestation scenarios as
percentage of base scenario for node 2 (downstream node).
Wet Season Dry Season Annual
10% deforestation
erosion 138.7 128.0 138.2
streamflow 101.8 94.4 101.3
leftover 101.7 93.8 100.1
water demand 118.6 120.9 119.7
20% deforestation
erosion 155.9 143.7 155.4
streamflow 103.7 87.4 100.6
leftover 103.5 86.0 100.2
water demand 131.6 134.6 133.0
Table 13.  Summary of impacts of climate scenarios upon node 1 streamflow (ML), water
demand  (ML), and streamflow following abstractions (ML) for the wet and dry seasons
and as an annual total.
Climate Scenario Rainfall
(mm)
base 10% 20% base 10% 20% base 10% 20%
Wet Season
'wet' 9263 9361 10022 8895 9219 9566 757 2084 3425 1231
'normal' 107251097411242103781058610813 589 1415 2251 1231
'dry' 7417 7700 7989 7058 7298 7552 758 2174 3603 925
Dry Season
'wet' 4536 4391 4218 4485 4314 4115 279 514 749 91
'normal' 2732 2589 2428 2671 2496 2303 339 626 913 10
'dry' 1956 1949 1934 1894 1852 1803 350 662 974 102
Annual
'wet' 137991402214240133801353313682 1036 2598 4174 1322
'normal' 134571356213670130491308113116 928 2041 3165 1240
'dry' 9373 9648 9922 8952 9151 9355 1108 2836 4577 1026
 Demand (ML)Irrigation (ML)(ML)
Streamflow Streamflow Minus Crop Water
Table 14.  Summary of impacts of climate scenarios upon node 2 streamflow (ML), water
demand  (ML), and streamflow following abstractions (ML) for the wet and dry seasons
and as an annual total.
Climate Scenario Rainfall
(mm)
base 10% 20% base 10% 20% base 10% 20%
Wet Season
'wet' 125791300813154120281243512859 841 1096 1353 1827
'normal' 145631482715120140431428614559 646 794 944 1263
'dry' 9871 1018210512 9405 9708 10025 819 1107 1399 935
Dry Season
'wet' 6797 6580 6332 6723 6492 6232 433 546 660 104
'normal' 3955 3746 3512 3864 3640 3391 524 662 802 11
'dry' 2670 2616 2555 9579 2510 2433 526 667 807 71
Annual
'wet' 193761958719786187501892719092 1275 1642 2013 1391
'normal' 185181857318632179071792617950 1170 1456 1746 1274
'dry' 125421279813067119841221812458 1345 1773 2206 1007
(ML) Irrigation (ML)  Demand (ML)
Streamflow Streamflow Minus Crop Water
Figure 11 illustrates the impacts of deforestation on the streamflow (following
abstractions) for both nodes of the Mae Uam subcatchment. Similar response
can be seen between the base scenario and the 10% deforestation although
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slight increases are predicted in peak events under 20% deforestation and
conversely reductions in dry season flows.
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Figure 11. Leftover streamflow (after irrigation extractions) in 10 daily timesteps for the
1988/89 hydrologic year under forest cover scenarios.
4. Links with the Integrated Toolbox
The Integrated Toolbox (Letcher et al. 2001) features the Biophysical Toolbox
as a module.  Instead of the user defining land use scenarios, the user must
specify an integrated scenario after which the economic decision model (a
linear programming algorithm) is run.  This model calculates the area of paddy
and upland devoted to different cropping activities in each season (note: a
cropping activity). The model operates for a given Resource Management Unit
(RMU) – a classification of households according to their access to land and
water in the catchment. (See Integrated Toolbox Documentation).   In order
for this land use decision to be passed to the biophysical toolbox, land use
decisions made by the RMU on paddy and upland areas must be disaggregated
by land unit and totals over all RMUs for each crop activity must be
calculated.  The procedure by which land use decisions are disaggregated by
land unit is described in the Integrated Toolbox Documentation.  Currently
there is no version of the Integrated Toolbox coded within Java.  A Matl b
version that links with the Fortran version of the Biophysical Toolbox
described and used within this working paper is available.
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Appendix A - Glossary
Biophysical Toolbox Contains the biophysical models implemented
within the IWRAM-DSS.  The toolbox can be
used as a stand-alone tool for the exploration of
biophysical impacts arising from as forest cover
change, cropping patterns, land management and
climate scenarios.
Decision Support SystemDecision Support Systems (DSS) are computer
based tools that are usually comprised of a
database, model base and user interface. DSS
provide users with a means by which to explore
impacts of actions upon stakeholder interests.
More specifically, DSS can assist users to define
problems, generate alternative solutions, evaluate
solutions and indicating the best alternative for
implementation.
Integrated Toolbox The integrated toolbox links household level
decision making models and a socioeconomic
impact model with the biophysical toolbox.
Decisions on land and water use are modelled
within the integrated toolbox as taking place at
the household level.  These decisions are made in
response to expectations on the level of land,
water and labour available to a household.
Households are classified into a number of
different types, called Resource Management
Units (RMU).  For a detailed discussion on
Resource Management Units and their
application in the IWRAM Project see
Scoccimarro et al. (1999).  The Integrated
Toolbox has been documented by Letcher et al.
(2001)
ICAM WORKING PAPER 2002/01                                                                           13
Land Unit Approach utilised by the Department of Land
Development in Thailand based on the FAO land
evaluation procedures (FAO 1976).  The land
unit approach reflects the soil type and
topography of a class and can be used to that
define the likely yield of a crop on a particular
land unit (or land suitability class).  The
approach is used by the DLD for land use
planning and forms the fundamental modelling
unit for the CATCHCROP and erosion models
employed within the Biophysical Toolbox.
Node Nodes represent zones of distinct activities and
locations where indicators are computed. For he
Mae Uam subcatchment, for example, two nodes
were considered {See Below}.  Node 1 is the
upstream node above the Thung Yao village,
whilst node 2 is the downstream node at the Ban
Chiang village.
RMU Resource Management Units (RMU) represent
households types used within the economic
component of the IWRAM-DSS. These RMU
types differ according to their access to land and
water in the catchment.  For example, one RMU
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type may be households who own only irrigated
paddy land, while households in another RMU
may own some irrigated paddy and some rainfed
upland.
Scenario Scenarios are developed to explore the possible
impacts of land management or climate on land
and water resources.  Within the Biophysical
Toolbox, scenarios may include forest cover
changes, changes to cropping patterns, land
management options and natural variability such
as climate.
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Appendix B – USLE K factors for the Mae Chaem catchment
(provided by DLD, May 2000)
Land Unit Texture K factor
6 Loamy + gravel 0.25
8 Loamy + gravel 0.25
10 Loamy + gravel 0.25
12 Loamy 0.25
23 Loamy 0.27
25 Loamy 0.27
27 Clayey + gravel 0.27
35 Clayey + gravel 0.22
37 Clayey + gravel 0.22
45 Clayey 0.24
46 Clayey + gravel 0.22
47 Clayey 0.24
48 Clayey + gravel 0.22
49 Clayey 0.24
50 Clayey + gravel 0.22
55 Clayey + gravel 0.22
88 Clayey 0.17
99 Clayey 0.17
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Appendix C – USLE Crop Management (C) and Conservation
(P) factors for Northern Thailand (provided by DLD
November 1999).
Crop/ Land Use C factor P factor
Integrated Farm 0.225 1.000
Rice
Paddy field (rice) 0.280 0.100
Transplanted (rice) 0.280 0.100
Broadcasted (rice) 0.280 0.100
Abandoned (rice) 0.100 0.100
Rainfed (rice) 0.280 0.100
Field Crops
Field crop 0.340 1.000
Abandoned 0.500 1.000
Mixed 0.350 1.000
Corn 0.502 1.000
Sugarcane 0.400 1.000
Cassava 0.600 1.000
Pineappple 0.380 1.000
Tobacco 0.700 1.000
Cotton 0.500 1.000
Mungbean 0.390 1.000
Soybean 0.421 1.000
Peanut 0.406 1.000
Kenaf, Jute 0.600 1.000
Black bean, Red bean 0.386 1.000
Sorghum 0.650 1.000
Castor bean 0.790 1.000
Sesame 0.386 1.000
Upland Rice 0.700 1.000
Potato 0.600 1.000
Sweet potato 0.600 1.000
Yam bean 0.600 1.000
Watermelon 0.600 1.000
Millet 0.650 1.000
Ginger 0.600 1.000
Cabbage 0.600 1.000
Tomato 0.600 1.000
Aloe Vera 0.380 1.000
Agave 0.380 1.000
Paper Mulberry 0.600 1.000
Sunflower 0.700 1.000
Chilli 0.600 1.000
Barley 0.280 1.000
Rye 0.280 1.000
Opium 0.386 1.000
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Appendix C … (continued)
Crop/ Land Use C factor P factor
Field crops …(continued)
Marijuana 0.600 1.000
Roselle 0.600 1.000
Fiber crop 0.600 1.000
Jute 0.600 1.000
Bean 0.386 1.000
Other field crops 0.340 1.000
Perennial crops
Perennial 0.150 1.000
Mixed perennial 0.150 1.000
Pana rubber 0.150 1.000
Oil palm 0.300 1.000
Eucalyptus 0.150 1.000
Teak 0.088 1.000
Magosa 0.088 1.000
Casuarina 0.150 1.000
Acacia 0.088 1.000
Pterocarpus sp. 0.088 1.000
Gmelwa sp. 0.088 1.000
Other Perennial 0.150 1.000
Coffee 0.300 1.000
Tea 0.150 1.000
Mulberry 0.600 1.000
Bamboo 0.150 1.000
Kapok 0.300 1.000
Betel palm 0.400 1.000
Raintui 0.088 1.000
Ceilira sp. 0.300 1.000
Croton sp. 0.600 1.000
Mixed perennial 0.150 1.000
Horticulture
Orange 0.300 1.000
Durian 0.150 1.000
Rambutan 0.150 1.000
Coconut 0.400 1.000
Litchi 0.150 1.000
Mango 0.150 1.000
Cashew 0.400 1.000
Jujube 0.300 1.000
Custard apple 0.300 1.000
Banana 0.150 1.000
Tamarind 0.150 1.000
Longan 0.150 1.000
Guava 0.300 1.000
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Appendix C … (continued)
Crop/ Land Use C factor P factor
Horticulture … (continued)
Papaya 0.600 1.000
Mixed 0.150 1.000
Jack fruit 0.150 1.000
Santol 0.150 1.000
Rose apple 0.150 1.000
Mangosteen 0.150 1.000
Langsat 0.150 1.000
Sala 0.020 1.000
Lime 0.300 1.000
Sub-tropical fruit 0.300 1.000
Horticulture 0.600 1.000
Mixed horticulture 0.600 1.000
Truck crop 0.600 1.000
Floriculture 0.386 1.000
Vine 0.600 1.000
Pepper 0.600 1.000
Strawberry 0.270 1.000
Passionfruit 0.600 1.000
Raspberry 0.270 1.000
Swidden cultivation
Swidden cultivation 0.250 1.000
bush fallow 0.020 1.000
Upland rice 0.250 1.000
Corn 0.250 1.000
Bean 0.250 1.000
Sesame 0.250 1.000
Potato 0.250 1.000
truck crop 0.250 1.000
Opium 0.250 1.000
Pasture/ farmhouse
Pasture and farmhouse 0.100 1.000
Pasture 0.100 1.000
Farm house 0.000 1.000
Water/ aquatic vegetation
Water 0.000 0.000
Aquatic vegetation/ reeds/
mangrove
0.000 0.000
Aquacultural land 0.000 0.000
Forest
Forest 0.020 1.000
Disturbed forest 0.040 1.000
Moist evergreen 0.001 1.000
Dry evergreen forest 0.019 1.000
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Appendix C … (continued)
Crop/ Land Use C factor P factor
Forest … (continued)
Hill evergreen forest 0.003 1.000
Tropical pine 0.019 1.000
Bamboo 0.015 1.000
Beech Forest 0.000 1.000
Moist Evergreen (disturbed) 0.040 1.000
Deciduous 0.001 1.000
Mixed Deciduous 0.001 1.000
Dipterocarps 0.020 1.000
Forest plantation 0.088 1.000
Mixed forest 0.088 1.000
Urban
Urban city 0.000 1.000
Garbage dump 0.000 1.000
Recreation area 0.000 1.000
Golf course 0.015 1.000
Native vegetation (excluding forest)
Rangeland 0.015 1.000
Pasture 0.015 1.000
Grass/ scrub 0.048 1.000
Bamboo 0.020 1.000
Mine land
Mine, mine (pit) 0.800 1.000
Sand/ soil/ laterite pit 0.800 1.000
Salt flat 0.800 0.100
Beach 0.800 1.000
Rock outcrop 0.800 1.000
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